Drought and salt stress tolerance of Arabidopsis (Arabidopsis thaliana) plants increased following treatment with the nonprotein amino acid b-aminobutyric acid (BABA), known as an inducer of resistance against infection of plants by numerous pathogens. BABA-pretreated plants showed earlier and higher expression of the salicylic acid-dependent PR-1 and PR-5 and the abscisic acid (ABA)-dependent RAB-18 and RD-29A genes following salt and drought stress. However, non-expressor of pathogenesisrelated genes 1 and constitutive expressor of pathogenesis-related genes 1 mutants as well as transgenic NahG plants, all affected in the salicylic acid signal transduction pathway, still showed increased salt and drought tolerance after BABA treatment. On the contrary, the ABA deficient 1 and ABA insensitive 4 mutants, both impaired in the ABA-signaling pathway, could not be protected by BABA application. Our data demonstrate that BABA-induced water stress tolerance is based on enhanced ABA accumulation resulting in accelerated stress gene expression and stomatal closure. Here, we show a possibility to increase plant tolerance for these abiotic stresses through effective priming of the preexisting defense pathways without resorting to genetic alterations.
Plant growth is greatly affected by a combination of environmental stresses such as extreme temperatures, drought, or high salinity. From an agricultural point of view, such stresses are among the most significant factors responsible for substantial and unpredictable losses in crop production. The physiological mechanisms governing the plant responses to salinity and drought show high similarity, suggesting that both stresses must be perceived by the plant cell as deprivation of water. High salt concentrations (most commonly NaCl) in the soil lead to a decrease in water potential, which affects water availability (Hasegawa et al., 2000) . In addition to the hyperosmotic shock and the generated subsequent oxidative stress (Borsani et al., 2001) , the deleterious consequences of high NaCl concentration in the external solution of plant cells also include ion toxicity and nutrient imbalance (Serrano et al., 1999; Hasegawa et al., 2000; Rodriguez-Navarro, 2000) . As sessile organisms, plants had to develop various biochemical and physiological mechanisms to respond and adapt to these stresses and thus acquire stress tolerance. Adaptation to stress has been suggested to be mediated by both preexisting and induced defenses (Bray et al., 2000; Hasegawa et al., 2000; Pastori and Foyer, 2002 ).
An early response to water stress is the closure of stomatal pores through the action of the phytohormone abscisic acid (ABA). Enhanced ABA levels cause an increase in cytosolic Ca 21 concentration and subsequent activation of plasma membrane-localized anion channels (Hamilton et al., 2000; Pei et al., 2000; Zhang et al., 2001; Kohler and Blatt, 2002) . This leads to guard cell depolarization, potassium efflux, loss of guard cell turgor and volume, and finally stomatal closure (Blatt, 2000; MacRobbie, 2000; Schroeder et al., 2001) . ABA also causes an increase in H 2 O 2 production, which serves as a signaling intermediate to promote stomatal closure (Pei et al., 2000; Murata et al., 2001; Schroeder et al., 2001; Zhang et al., 2001) .
In response to osmotic stress, many plant species accumulate Pro due to the simultaneous ABA-mediated activation of its biosynthesis and inactivation of its degradation pathways during stress (Hare et al., 1999) . Pro, a compatible osmolyte, performs a protective function by scavenging free radicals and regulating redox potential by replenishment of the NADP 1 supply (Hasegawa et al., 2000) . Many stress signals have been shown to increase the level of ABA indicating that ABA plays an important role in plant stress responses. In addition, some effects of stress conditions can be simulated by applying ABA to plants. For example, there is much overlap in the expression pattern of stress genes after exposure to drought and high salt, or application of ABA. Stress signals and ABA are likely to share common elements in their respective signaling pathways (Leung and Giraudat, 1998; Thomashow, 1999; Shinozaki and Yamaguchi-Shinozaki, 2000; Finkelstein et al., 2002) . However, signaling in response to osmotic stress caused by high salt concentrations or drought seems not to depend solely on ABA. Studies of cis-and trans-acting elements regulating stress gene expression revealed the existence of ABA-independent signaling during water stress (Thomashow, 1999; Shinozaki and Yamaguchi-Shinozaki, 2000) . This was also observed in a number of other studies where the regulation of gene expression in response to drought and salinity was found to involve several signaling systems (Ingram and Bartels, 1996; Bray, 1997; Thomashow, 1999; Fowler and Thomashow, 2002; Seki et al., 2002a Seki et al., , 2002b . Some cold-and drought-inducible (COR, RD, KIN) genes contain a cis-acting element called drought/cold-responsive element that regulates ABA-independent gene induction (Shinozaki and Yamaguchi-Shinozaki, 1996; Thomashow, 1999) . On the other hand, gene expression induced by ABA often depends on the presence of another cis-acting element called ABA-responsive element (Shinozaki and YamaguchiShinozaki, 2000; Uno et al., 2000; Finkelstein et al., 2002) . A responsive to ABA (RAB)-related gene of Arabidopsis (Arabidopsis thaliana), RAB18, has been shown to accumulate following drought stress and exogenous application of ABA in wild-type plants (Lang and Palva, 1992) . In contrast, ABA-deficient mutants (aba; Koornneef et al., 1982) and ABA-insensitive mutants (abi; Koornneef et al., 1984) do not show an increase of transcripts of RAB18 following abiotic stress, and exogenous ABA treatment leads to an increase in aba but not abi mutants. Another gene, RD29A (responsive to desiccation), however, shows both ABA-independent and ABA-responsive expression because its promoter region contains both drought-responsive element and ABA-responsive element cis-acting elements (Narusaka et al., 2003) .
Interestingly, several genes induced transcriptionally by osmotic stress are also part of plant defense responses to wounding and pathogen attack. Expression of peroxidase, PR-1, PR-10, and osmotin (PR-5) is increased by water stress even though the role of these proteins in abiotic stress has not fully been clarified (Zhu et al., 1995; Ingram and Bartels, 1996) . During plant pathogen interactions, the expression of the pathogenesis-related (PR) protein genes is induced by the plant hormone salicylic acid (SA), an important regulator of systemic acquired resistance (Sticher et al., 1997) . Several studies support a major role of SA in modulating the plant response to several abiotic stresses. SA-treated mustard (Sinapis alba) seedlings show an improved thermotolerance and heat acclimation (Dat et al., 1998) . In Arabidopsis, endogenous SA accumulation promotes basal thermotolerance but it is not essential for acquired thermotolerance (Clarke et al., 2004) . Pretreatment of maize (Zea mays) plants with SA induces antioxidant enzymes and leads to increased chilling tolerance (Janda et al., 1999; Kang and Saltveit, 2002) . SA treatment also increases the resistance of wheat (Triticum aestivum) seedlings to salinity and drought (Shakirova et al., 2003) .
The success of plant adaptation to stress depends on an early sensing of the stress followed by an adequate reaction. For instance, plants show a stronger and faster defense response upon exposure to a pathogen, a phenomenon known as priming (Conrath et al., 2002) . Priming can also be observed in plants exposed to abiotic stress. If plants have previously undergone an acclimation process, their reaction to the following stress is more successful (Lang and Palva, 1992; Knight et al., 1998) .
The nonprotein amino acid b-aminobutyric acid (BABA), a potent inducer of resistance against infection by various pathogens (Jakab et al., 2001) , in certain cases exerted its function via priming of SA-dependent defense mechanisms in Arabidopsis (Zimmerli et al., 2000) . In other cases, however, BABA acts through potentiation of ABA-dependent signaling pathways (Ton and Mauch-Mani, 2004) . Because both pathways could contribute to water stress tolerance, we have tested the drought and salt stress tolerance of Arabidopsis after BABA treatment. In this study we demonstrate that BABA, although rarely found in plants (Jakab et al., 2001) , is also able to protect Arabidopsis against abiotic stresses such as drought and high salinity. This protection is based on ABA-dependent but SAindependent defense mechanisms.
RESULTS

BABA Protects Arabidopsis Against Drought and Salt Stress
During previous plant protection experiments by BABA against pathogens, BABA-treated Arabidopsis plants exhibited enhanced drought tolerance. To further investigate this observation drought tolerance of Arabidopsis after treatment with different chemicals has been tested. Depriving Arabidopsis of water leads to desiccation within 1 week, visible as progressive wilting of the plants starting with the older leaves (Fig.  1A , control). However, plants pretreated with BABA (300 mM) looked unaffected at this time (Fig. 1A , BABA) and showed a delayed onset of wilting by several days, presumably due to the reduced rate of water loss (Fig.  1B) . Compared to the 70% water loss of control plants, BABA-treated plants lost only 35% of their water content. This protection was comparable to the one induced by ABA (100 mM) and isomer specific because a-aminobutyric acid (AABA) and g-aminobutyric acid (GABA) failed to induce tolerance. Plants treated with these compounds showed 60% to 70% of water loss, which is comparable to water-treated control plants (Fig. 1B ).
We have also tested the potential protective effect of BABA against salt stress, another treatment perceived by plants as water stress. To this end, plants were challenged with high salt concentrations in the soil. Soil drench treatment with 300 mM NaCl caused wilting of almost all Arabidopsis seedlings of the control treatment within 5 d (Fig. 1C, control) , whereas the BABA-treated plants showed no symptoms within this timeframe (Fig. 1C, BABA) . Pretreatment of the plants with 300 mM BABA, however, reduced the wilting rate by 50% (Fig.  1D ). As observed with drought stress, the protection against salinity was isomer specific and comparable to that of ABA-induced tolerance (Fig. 1D ). Similar to BABA treatment, ABA treatment reduced the wilting rate to 40% after 6 d of salt application, while following AABA and GABA treatment the wilting rate remained at the same level as in the control (70%-80%; Fig. 1D ).
BABA Primes Both SA and ABA Signaling in Arabidopsis Plants during Salt Stress
Previously we have shown that the protective effect of BABA against plant pathogens is based on priming of either SA-or ABA-dependent defense pathways. Because both pathways could be involved in the observed BABA-induced drought and salt stress tolerance, the potential of BABA to trigger priming was tested for both SA-and ABA-dependent defenses using SA-and ABA-inducible marker genes. Upon soil drench treatment with 300 mM NaCl, BABAtreated plants showed activation of the SA-dependent PR-1 and PR-5 genes 6 h earlier than noninduced control plants ( Fig. 2A) . Additionally, BABA-treated plants activated both PR genes at lower salt concentrations than control plants (Fig. 2B) . Due to the BABA-potentiated expression of these genes, a low expression was often detected at time point 0 probably caused by small environmental fluctuations during the treatment periods.
To investigate whether BABA also primes for ABAdependent signals, we quantified the expression of the ABA-responsive RAB18 and RD29A genes. Here again, BABA-treated plants expressed these genes 2 h earlier ( Fig. 2A) and at lower salt concentrations than control plants (Fig. 2B) . Hence, BABA primes for both SA-and ABA-dependent defense upon salt stress.
BABA-Induced Drought and Salt Tolerance Requires Functional ABA Signaling But No SA Signaling
To determine whether SA-or ABA-dependent signaling is responsible for BABA-induced tolerance, we tested different Arabidopsis genotypes affected in SA-or ABA-dependent signaling. Plants impaired in the SA pathway (constitutive expressor of pathogenesisrelated genes 1 [cpr1], non-expressor of pathogenesis-related genes 1 [npr1], and NahG) expressed wild-type levels of BABA-induced tolerance against drought stress (Fig. 3A) and salt stress (Fig. 3B) , indicating that SA-dependent signaling is not critical for BABAinduced tolerance to water stress. In a similar manner, ethylene (ein2)-and jasmonic acid (jar1)-dependent signaling was also found to be dispensable for the Figure 1 . Protective effect of BABA against drought and salinity. A, Symptoms of drought stress in Arabidopsis (accession Col-0). One day prior to stress treatment, plants were pretreated with water (control) or 300 mM BABA. Six-week-old plants were subjected to dehydration. Pictures were taken after 6 d of dehydration. B, Quantification of drought stress in Col-0 plants. One day prior to stress treatment, plants were pretreated with water (control), 300 mM AABA, BABA, GABA, or 100 mM ABA, respectively. Six-week-old plants were subjected to dehydration. Values shown are means of water loss (mL/g fresh weight) in the leaves (10-12 leaves from five to six different plants) after different days of dehydration. Results shown come from a representative experiment that was repeated three times yielding comparable results. C, Symptoms of salt stress in Arabidopsis (accession Col-0). One day prior to stress treatment, plants were pretreated with water (control) or 300 mM BABA. Four-week-old plants were subjected to salt stress by drenching the soil with 3 M NaCl to a final concentration of 300 mM. Pictures were taken 3 d after NaCl application. D, Quantification of salt stress in Col-0 plants. One day prior to stress treatment, plants were pretreated with water (control), 300 mM AABA, BABA, GABA, or 100 mM ABA, respectively. Four-week-old plants were subjected to salt stress by drenching the soil with 3 M NaCl solution to a final concentration of 300 mM. Data shown are means (6SD, n 5 50) of the percentage of wilted plants at different days after NaCl treatment.
BABA-induced tolerance against drought (Fig. 3A) or high salt (Fig. 3B) . The observed delayed onset of desiccation of the cpr1 and jar1 mutants is probably due to their overall smaller and more compact phenotype. Conversely, mutants impaired in either ABA biosynthesis (ABA deficient 1 [aba1]) or ABA signaling (ABA insensitive 4 [abi4]) completely lost their ability to react to BABA treatment, demonstrating that BABA-induced water stress tolerance is based on ABAdependent priming mechanisms (Fig. 3) .
BABA Primes ABA Synthesis, Leading to Faster Stomatal Closure But Not to Increased Pro Accumulation ABA synthesis is important for defense signaling against salt and osmotic stress (Hasegawa et al., 2000) .
Since an intact ABA-signaling pathway is also necessary for BABA-induced tolerance against drought and salinity (Fig. 3) , we have tested whether BABA could prime for ABA accumulation. Our results show that 24 h after salt stress induction plants pretreated with BABA accumulated higher levels of ABA in comparison to control plants, indicating a faster and stronger reaction in BABA-treated plants (Fig. 4A) . The accumulation of ABA was as high in BABA-pretreated plants following 75 mM NaCl treatment as in control plants when 150 mM NaCl was applied.
In contrast, Pro accumulation in response to salt stress was not enhanced by BABA treatment, although both BABA-treated and control plants reacted with an increased Pro accumulation (data not shown). Apparently, BABA did not prime the accumulation of this osmolyte.
Another expected effect of primed ABA accumulation was an accelerated stomatal closure under water stress. After transferring Arabidopsis plants from high humidity conditions (relative humidity [RH] 5 100%) to low humidity conditions (RH 5 60%), BABApretreated wild-type plants showed a higher production of ABA during the first day (Fig. 4B ) and a faster reduction in stomatal conductance than control plants (Fig. 4C ). This accelerated adaptation to low humidity led to enhanced water use efficiency in BABA-treated plants (data not shown). When plants were maintained at low air humidity (RH 5 60%), stomatal conductance in BABA-treated plants remained lower during several days (Fig. 4C) . The decrease in stomatal conductance ensured elevated water use efficiency in BABA-treated plants, explaining their enhanced tolerance to drought stress.
DISCUSSION
We have shown that Arabidopsis exhibits increased drought and salt stress tolerance following BABA pretreatment. In previous studies we have found that BABA protects Arabidopsis against pathogens through the potentiation of either the SA-dependent defenses or ABA-regulated responses (Zimmerli et al., 2000; Ton and Mauch-Mani, 2004 ). Expression patterns of marker genes for the SA pathway (PR-1, PR-5) and the ABA pathway (RAB18, RD29A) demonstrated that both pathways were also primed by BABA in response to salt stress (Fig. 2) . Although ABA is the most important hormone in water stress signal transduction, SA was also reported to be involved in the protection of plants against abiotic stress (Janda et al., 1999; Kang and Saltveit, 2002; Shakirova et al., 2003) . The participation of PR proteins in the BABA-induced osmotic stress tolerance appeared possible because induction of PR proteins by water stress and low temperature has been shown in several plant species (Griffith and Ewart, 1995; Yeh et al., 2000) . Drought, salt, and cold stress all induce the accumulation of reactive oxygen species such as superoxide, hydrogen peroxide, and Figure 2 . Effect of BABA on salt-inducible expression of ABA-inducible genes (RD29A and RAB18) and SA-inducible genes (PR-1 and PR-5) in Arabidopsis (Col-0) plants. One day prior to salt application, plants were treated with water (control) or 300 mM BABA. Hybridization with an 18S rRNA-specific probe was used as a loading control. The experiment was performed three times with similar results. A, Fourweek-old plants were treated with 300 mM NaCl (final concentration in the soil), and samples were collect at the times indicated on the top of the figure. B, Four-week-old plants were treated with increasing concentrations of NaCl 3 d before harvesting the leaves.
hydroxyl radicals (Van Breusegem et al., 2001) . Although it is unclear whether osmotic stress leads to an increased SA level in plants, the observation that osmotic stress and SA activate the same mitogen-activated protein kinase (Hoyos and Zhang, 2000) suggests that osmotic stress signal transduction and SA signal transduction share common components. However, BABA is able to induce drought and salt stress tolerance in Arabidopsis plants independent of functional SA signaling and the observed priming for SA-dependent defense responses are dispensable in BABA-induced protection against water stress.
Although not all genes induced in plant responses to osmotic stress require functional ABA signaling , this hormone plays an important role in adaptation to abiotic stress and in regulation of several genes that are thought to be involved in dehydration or salt tolerance. To determine whether the observed priming of the ABA-regulated genes was important in BABAinduced stress tolerance, we have tested different Arabidopsis mutants of this pathway. Mutants impaired in either ABA biosynthesis (aba1) or ABA signaling (abi4) completely lost their ability to react for Figure 3 . Quantification of drought and salt stress in Arabidopsis. A, Quantification of water loss in 6-week-old Arabidopsis (Col-0, cpr1-1, npr1-1, NahG, ein2-1, jar1-1, aba1-5, and abi4-1) plants after different periods of dehydration. One day prior to the start of dehydration, plants were treated with water (black circles) or 300 mM BABA (white circles). Data shown are the average amounts of water loss in 15 leaves (mL/g fresh weight) collected from five different plants. The experiment was repeated twice with similar results. B, Quantification of wilting in 4-week-old Arabidopsis (Col-0, cpr1-1, npr1-1, NahG, ein2-1, jar1-1, aba1-5, and abi4-1) plants at different days after application of 300 mM NaCl. One day prior to salt application, plants were treated with water (black circles) or 300 mM BABA (white circles). Data shown are means (6SD, n 5 10) of the percentage wilted plants.
BABA treatment (Fig. 3) . This demonstrates that only priming for ABA signaling is responsible for BABAinduced tolerance to water stress in Arabidopsis. The earlier and faster ABA production, stomatal closure (Fig. 4) , and expression of ABA-regulated genes (Fig. 2) lead to an enhanced water use efficiency of the plants without an increase in Pro accumulation.
The rapid reduction of stomatal aperture size under water stress conditions and the enhanced ABA accumulation seem to be the basis for BABA-induced tolerance to drought and salt stress. Besides osmotic stress, salt stress also provokes strong ion toxicity resulting from a fast ion uptake by the plant in response to the disequilibrium in the soil water potential. The continuous accumulation of Cl 2 and Na 1 ions may produce toxic effects disrupting metabolic processes (Greenway and Munns, 1980) . A protective effect of ABA against ion toxicity, probably due to a decrease of the transpiration rate, has been reported (Amzallag et al., 1990) . In contrast to stomatal closure, osmotic adjustment through the synthesis of organic compounds is a long-term adaptation to reduce the osmotic potential in the plant cell (Bray et al., 2000) . Therefore we hypothesize that BABA-treated plants do not accumulate more Pro than the water-treated plants because the priming of ABA already leads to a fast osmotic adjustment through a faster stomatal closure, which in return helps to reduce the toxic accumulation of Na 1 and Cl 2 . This is supported by findings of Savoure et al. (1997) , who studied Pro accumulation in abi1-1 and aba1-1 mutants. They observed a reduced accumulation of Pro in the abi1-1 mutant in response to NaCl that can be explained in part by a protective effect of ABA against ion toxicity. The reduced accumulation of Pro in aba1-1 mutants, however, may be directly due to the lower ABA content.
Based on experiments with excised roots using concentrations of BABA (1-10 mM) that in our hands proved to be phytotoxic, Essah et al. (2003) proposed that both BABA and also GABA could function as regulators of the proteins involved in the regulation of Na 1 influx into Arabidopsis roots. However, under our experimental conditions (using much lower concentrations of the inducers to avoid phytotoxic side effects) this effect can be excluded, because we observed no protection following GABA treatment.
Due to global climate change, drought and salinity are an increasing problem for agriculture and ecosystems. The resulting abiotic stress is the primary cause of crop loss worldwide and reduces average yields for most crop plants by more than 50% (Bray et al., 2000) . Therefore, several plant biotechnology programs have been initiated to increase water stress tolerance in crop plants using genetic engineering and traditional breeding (Xiong and Zhu, 2002; Wang et al., 2003) .
Here, we present a new concept to meet this objective and protect plants through priming of existing defense mechanisms avoiding manipulation of the genome. Moreover, primed plants do not suffer from costly defense investments (Kasuga et al., 1999; Heil, 2002) , Figure 4 . Quantification of ABA accumulation in wild-type Arabidopsis (Col-0) upon exposure to salt stress (A) and decreased humidity (B) and determination of stomatal conductance during water stress (C). A, ABA was quantified in 3-week-old plants subjected to salt stress by drenching the soil with 3 M NaCl solution to a final concentration of 50, 75, 100, and 150 mM of NaCl. Two days prior to stress treatment, plants were treated with water (control, black circles) or 300 mM BABA (white circles), and 24 h after the stress application plants were collected and freeze dried for analysis. Data shown are means (6SD, n 5 15) of the amount of isolated ABA (ng/g dry weight). B, ABA was quantified in plants subjected to low humidity. Five-week-old plants were kept at 100% relative air humidity for 5 d. Twenty-four hours after treatment with either BABA (300 mM, white circles) or water (control, black circles) plants were transferred to 60% relative air humidity (T 5 0). Plants were collected at different time points as indicated and freeze dried for analysis. Data shown are means (6SD, n 5 10) of the amount of isolated ABA (ng/g dry weight). C, Stomatal conductance of watertreated (black symbols) or BABA-treated (300 mM, white symbols) plants during adaptation to low humidity. Five-week-old plants were treated as in B. Stomatal conductance was determined by six consecutive measurements using three leaves per plant at different time points, as indicated. Values shown are means (6SD) of 10 plants per time points.
since their defense arsenal is not activated before stress exposure.
MATERIALS AND METHODS
Biological Material
Arabidopsis (Arabidopsis thaliana) mutants npr1-1, cpr1-1, jar1-1, ein2-1, aba1-5, and abi4-1 (all in ecotype Columbia [Col-0] background) were obtained from X. Dong (Duke University, Durham, NC), P.E. Staswick (University of Nebraska, Lincoln, NE), and the Nottingham Arabidopsis Stock Centre (Loughborough, UK), respectively. A transgenic line of Arabidopsis (Col-0) harboring the NahG gene (Delaney et al., 1994) 
Chemical Treatment
AABA, BABA, GABA, and NaCl (Fluka) were dissolved in water, ABA first in a small volume of ethanol and further diluted by water. The 10-times concentrated solutions were applied as soil drench to obtain the indicated final concentrations in the soil as described earlier (Zimmerli et al., 2000) .
Drought Treatment
Drought was induced by stopping to water 5-week-old plants 1 d after BABA treatment by soil drench. Ten to 12 leaves from five to six different plants were removed at the time points indicated. Subsequently, leaves were weighted, incubated in demineralized water for 3 h, and weighed again. The difference in weight was considered as water loss. The time point of BABA treatment is considered day 0.
RNA Extraction and Analysis
RNA was isolated from frozen tissue samples as described previously (Zimmerli et al., 2000) . To obtain the gene-specific DNA fragments Arabidopsis cDNA as a template and PCR amplification were used with the following primers: rab18fw, 5#-AACATGGCGTCTTACCAGAA; rab18rev, 5#-CGATTGTTCGAAGCTTAACG; rd29afw, 5#-CCGGTGGGCTTTGGTGAC; and rd29arev, 5#-CTCCTCCGATGCTGCCTTCT.
Determination of Pro and ABA Content
Pro content was measured according to Bates et al. (1973) from lyophilized leaves (0.1 g). ABA analysis was performed according to Gómez-Cadenas et al. (2002) . ABA, extracted from 50 mg of lyophilized tissue, was dissolved in 1 mL of MeOH:water (10:90; v/v), filtered, and injected into the HPLC. Analyses were carried out using a Waters (Milford) Alliance 2690 HPLC system with a Nucleosil ODS reversed-phase column (100 3 2 mm i.d.; 5 mm). The chromatographic system was interfaced to a Quatro LC (quadrupolehexapole-quadrupole) mass spectrometer (Micromass). The Masslynx NT version 3.4 (Micromass) software was used to process the quantitative data from calibration standards and the plant samples. As internal standard, 100 ppb deuterated ABA (dABA, Sigma) was added to the tissue before the homogenization.
Stomatal Conductance Measurements
Five-week-old Arabidopsis plants were transferred to high humidity (by closing the tray with a tightly fitting transparent cover) conditions 5 d before treatment with BABA (300 mM). One day after BABA treatment, the cover was removed and leaves were measured at different time points. Stomatal conductance and water use efficiency were measured with a closed gas-exchange infrared analyzer portable photosynthesis system (LC-PRO1, ADC). Leaves were totally enclosed within a fan-stirred cuvette and maintained under artificial conditions (leaf temperature of 21°C and irradiance of 870 of mmol m 22 s 21 ). Measurements were taken after an adaptation period of 5 min.
Sequence data from this article can be found in the GenBank/EMBL data libraries under accession numbers M90508 (PR-1), M90510 (PR-5), X68042 (RAB18), and D13044 (RD29A).
